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ABSTRACT 
Improvements in a split-beam transducer that is also used for 
surveying are sought through changes in array geometry. These are assessed 
through relative changes in the sum of source level and voltage response 
and the equivalent beam angle. A case is made for increasing the size of 
the present transducer array and for introducing two operating modes: 
(l) a central core of elements, with moderate power and relatively wide 
beam, and (2) the entire array of elements, both core and annulus, with 
correspondingly enhanced performance. 
RESUME: ETUDE DE L'AMELIORATION DE LA GEOMETRIE D'UN GROUPEMENT DE 
TRANSDUCTEURS 
L'amelioration d'un transducteur a faisceau scinde, utilise 
egalement pour la prospection acoustique, est re.cherchee par des 
modifications dans l'arrangement des transducteurs elementaires. Elle est 
evaluee par des variations relatives dans le calcul du niveau d'emission, 
de la sensibilite a la reception et de l'angle equivalent. On etudie le 
cas de l' augmentation de la tai.lle d 'un transducteur et de son utilisation 
en deux modes: noyau central d'elements actifs avec puissance moderee et 
fai.sceau relati vement large, et l' ensem13le des elements actifs, noyau 
et couronne, avec l' augmentati·on correspondante des performances. 
INTRODUCTION 
The Institute has had a particular problem in registering echoes 
from cod (Gadus morhua) and blue whiting (Micromesistius poutassou) during 
routine surveys over the past several years. The fish have aften been so 
dispersed and deep-lying that their echoes have been under the detection 
threshold. This has been confirmed by computation. The resultant 
estimates of stock s·ize have in some instances been demonstrably too low, 
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as has been confirmed in subsequent echo integration surveys of the same 
stocks, when the fish were higher in the water colurnn and more accessible 
to the acoustic beam of the spli~-beam transducer. 
Use of a towed transducer as an alternative registration strategy has 
been impracticable because of limitations 1.n towing depth or, equivalently, 
transducer performance. Even when registration with the towed transducer 
has been possible, this has aften been inconvenient or awkward, owing to 
the requirement for frequent biological sampling by trawling. 
It is the purpose of this work to propose an alternative design for 
a 38-kHz split-beam transducer, which addresses the two generally 
contradictory demands of having a wide beam for good acoustic coverage 
and having a narrow beam for registering weak targets, such as small or 
deep-lying fish. The solution is an expanded array of elements with two 
modes of operation: (l) use of a central core of elements, with 
performance similar to the present SIMRAD split-beam transducer, and 
(2)_ use of the full set of elements, with enhanced performance. This is 
examined for a variety of geometries. 
TRANSDUCER GEOMETRIES 
Three basic geometries of transducer arrays for use at 38 kHz are 
considered: hexagonal, square and octagonal. Several examples of each are 
investi·gated. The se are enumerated for convenience. 
(l) The basic split-beam transducer design by SIMRAD for use at 
38 kHz consists of a hexagonal array of 68 circular elements of 35-rnrn 
diameter packed as densely as possible with the following nurnbers per 
row: 6,7,8,9,8,9,8,7,6. (2) The first variant of this is forrned by adding 
a ring of elements along the perimeter. The nurnber of elements per row 
i·s thus 7,8,9,10,11,10,11,10,9,8,7, making 100 in total. (3) The next 
variant has 140 elements ara.nged with the following nurnbers per row: 8,9, 
lU,ll,l2,13,14,13,l2,ll,l0,9,8. 
The square and octagonal arrays consist of identical square elements 
thqt are 30 mm on a side, with nearest-neighbor center-to-center distances 
of 32 mm, measured along rows and colurnns. Three elementary examples of 
the square array are grids with (4) l0Xl0, (5) 12x12, and (6) l4Xl4 
e.lements. Octagonal variants of these are forrned by loping off corners, 
or hlunting the arrays, as in the following example: (7) 76 square elements 
formed by removing six elements from each corner of the l0Xl0 square array, 
indicated by the nomenclature: 76=10Xl0-4x6. Other octagonal array 
geometries that are considered are: (8) l04=12Xl2-4xlO, (9) l20=12Xl2-4x6, 
(lQ) l36=14Xl4-4Xl5, (ll) l56=14Xl4-4Xl0, and (12) l72=14Xl4-4X6. 
The proposed expanded transducer geometry is considered to have a 
basic core of elements, with hexagonal, square or octagonal pattern, 
encompassed by a larger grouping of the same pattern. A permissible 
design, therefore, is formed by the octagonal arrays with design nurnbers 
(9) and (11). Here, the second array is formed by extending each row 
and colurnn of the first array by exactly one element. This means of 
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expansion need not be rigorously followed. Thus the combinations (9) and 
(12), (7) and (9), and (7) and (12), for example, are also allowed. 
Two additional core designs are considered. These are meant to 
share similar measures of source level and receiver voltage response 
with the basic hexagonal array, design number (l), but have reduced 
sidelobes. These arrays may be viewed as derivatives of the lOxlO 
square grid, with the following amplitude weightings: 
(13) 
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The phasing of elements is equal here, as with_ the other designs. The 
basic array geometry of design numbers (13) and (14) is thus octagonal, 
although_ with the described additional tapering. 
PERFORMANCE MEASURES 
Four measures of performance are adopted to aid comparisons among 
the designs. T~ese are the transmitted power, directivity index, source 
level, and equivalent beam angle. The material and transducing potential 
of each array element are assumed to be the same for all arrays. 
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Transmitted power 
For a planar transducer of area S, uniform phasing, and amplitude-
weighting described by the function w(x,y), the transmitted power is 
proportional to the quantity 
I 
2 J [w(x,y)] dx dy 
s 
The weighting function is assumed to be scaled to the maximum, cavitation-
limited value w=l. For a discrete array of n elements with area s. and 
amplitude weight w., J 
J 
I 
n 2 
L W, S, 
o l J J J= 
This is conveniently compared to a reference array of n
0 
identical, 
rnaxirnally weighted elements, each of area s , hence with 
o 
I 
o 
n s 
o o 
The relative power is expressed in the logarithmic domain by the quanttty 
!i P 
Directivity index 
By definition (Urick 1975), 
DI 
I 
10 log I 
o 
10 log 41T 
where b is either the transmit or receive beam pattern, and dn is an 
infinitesimal element of solid angle. The integration is performed over 
the entire solid angle. 
The DI of the transmit beam rneasures the degree of concentration of 
the transmitted energy in the axial or forward direction. The DI of the 
receive beam describes the degree of discrimination against isotropic 
background noise, hence gives a rneasure of the signal-to-noise ratio in 
the receiver. 
For each of the present arrays, which is used both to transmit and to 
receive, the two bearn patterns are identicals The arrays are assurned to be 
ideally baffled, hence the beam pattern b is nonvanishing only over the 
half-space in front of the active surfacee Here, its form is that of an 
n-element planar array, namely 
(l) 
(2) 
(3) 
( 4) 
(5) 
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n ik·r l n 2 
bl ( 8 , ~) l L w . e - -j L w . l 
j =l J j =l J 
(6) 
where b1(8,~) is the beam pattern of a single element in the direction (8,~), 
k=k(sin 8 cos~' sin 8 sin~' cos 8) is the wavevector, and ~j=(xj,Yj 1 0) 
describes the position of the j-th element in the array. The wavenumber k= 
2niA=2nvlc, where A is the wavelength, v the frequency, and c the speed of 
sound. In deriving this expression the frequency is assumed to be constant, 
and the individual .elements identical in form, hence wi th constant area sj=s. 
For a circular element of radius a, 
12 J 1 (ka sin 8) l (ka sin 8) 1
2 
For a square element of side length 2a, 
Source level 
sin(ka sin 8 cos ~) sin(ka sin 8 sin ~) 
(ka sin 8) 2cos ~ sin~ 
This is proportional to the sum of the logarithm of power and the 
directivity index (Urick 1975). Thus, relative to the described reference 
array, 
L 
~SL j 
n 
10 log 
2 
w. 
J 
s 
o 
s 
o 
+ DI - DI 
o 
Since the material and transducing potential of each array element 
are assumed constant for all arrays, the voltage response is necessarily 
constant. Thus the relative source level ~SL is also the relative sum of 
source level and voltage response, commonly denoted ~(SL+VR). In other 
words, ~SL=~(SL+VR) for the arrays studied here. 
Equivalent beam angle 
This may be computed in the standard way (Foote 19.87) , but with 
allowance made for the use of amplitude-weighting when evaluating the 
beam pattern. Thus, 
10 log JJ [b(8,~)] 2 sin 8 dS d~ 
where b is defined in Equation (6) . 
(7t 
(8) 
(9) 
(lO) 
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RESULTS 
The results are given in the table. The performance measures are 
judged relative to the corresponding measures for the current SIMRAD 
hexagonal transducer array, design nurnber (l), assuming a medium temperature 
of 5 C and salinity of 35 ppt, for which c 0 =1470 m/s (Mackenzie (1981). 
Thus, n 0 =68, s 0 =9.62 cm
2
, DI0 =27.79 dB, and ~0=-20.24 dB. 
Absolute measures are also given for DI and~- These apply at the 
reference sound speed c 0 . Values at other values of c can be derived 
according to the dependence described by Foote (1987) . For the present 
array dimensions and frequency v=38 kHz, for which A~4 cm, both DI and ~ 
change with c at nearly constant rate. For example, 
~(c) ~(c ) + 20 log c/c 
o o 
hence, 
~(c}= ~(c ) + 0.0059(c-c ) 
o o 
The directivity index has a similar dependence, but with a sign change: 
DI(c} 
and 
DI (c) 
DISCUSSION 
DI(c) - 20 log c/c 
o o 
DI(c } 
o 
0.0059(c-c ) 
o 
Transducer performance generally improves with increasing size or 
degree of acoustic activity. This is- predicted by the several equations; 
it is observed distinctly in the tabulated computational results. What 
is to be remarked on particularly is the magnitude of gains that can 
accompany expansions in the present or similar transducer configurations. 
(ll) 
(12) 
( 13) 
(14) 
For exarnple, by adding a single ring of elements to the hexagonal 
transducer array, design number (l) , the s·ource leve l SL increases by 3. 4 
dB, the directivity index DI increases by 1.7 dB, and the equivalent beam 
angle~ decreases by 1.7 dB, i.e., improves by the same amount. Admittedly, 
the several gains do not apply in full under general reverberation-limited 
condi tions, but noise-limi ted con di tions·, where the gains do apply, are very 
cornmon in fisheries research. 
Addition of a second, supernumerary ring of elements to the basic 
hexagonal array increases SL and DI by 6.3 and 3.2 dB, respectively, while 
Table. Performance measures, absolute and relative, of 14 transducer array geometries for use at 38 kHz. 
Transducer Basic 2 11P i1DI 11SL o/ 11'1' s L..w.s DI 
2 ]2 design geometry n (cm ) (cm ) (dB) (dB) (dB) (dB) (dB) (dB) 
l Hexagonal 68 9.62 654.2 o 27.79 o o -20.24 o 
2 Hexagonal 100 9.62 962.1 1.68 29.46 1.67 3.35 -21.91 -1.67 
3 Hexagonal 140 9.62 1347.0 3.14 30.95 3.16 6.30 -23.37 -3.13 
4 Square 100 9 900 1.39 29.29 1.50 2.89 -21.86 -1.62 
5 Square 144 9 1296 2.97 30.93 3.14 6.11 -23.45 -3.21 
6 Square 196 9 1764 4.31 32.20 4.41 8.72 -24.79 -4.55 
-...J 
l 
7 Octagonal 76 9 684 0.19 28.06 0.27 0.46 -20.57 -0.33 
8 Octagonal 104 9 936 1.56 29.43 1.64 3.20 -21.94 -1.70 
9 Octagona1 120 9 1080 2.18 30.06 2.27 4.45 -22.53 -2.29 
lO Octagonal 136 9 1224 2.72 30.60 2.81 5.53 -23.12 -2.88 
11 Octagonal 156 9 1404 3.32 31.19 3.40 6.72 -23.67 -3.43 
12 Octagona1 172 9 1548 3.74 31.63 3.84 7.58 -24.10 -3.86 
13 Weighted 100 9 649.4 -0.03 28.54 0.75 0.72 -20.74 -0.50 
square 
14 Weighted 100 9 663.5 0.06 28.61 0.82 0.88 -20.88 -0.64 
square 
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improving ~by 3.1 dB. This describes a cumulative gain in performance of 
over 9 dB. 
Gains in performance with the square or octagonal arrays can be 
similarly dramatic. For example, the performance of the 10Xl0 square 
array exceeds that of the hexagonal array by 2.9 dB in SL, 1.5 dB in DI, 
and 1.6 dB in ~. The performance of the 14Xl4 array exceeds that of the 
10Xl0 by 5.8 dB in SL, 2.9 dB in DI, and 2.9 dB in ~-
Performance gains are achieved at a east, of course. This generally 
includes requirements on space or mounting, in addition to manufacturing 
east. However, the value of ten or so decibels in the surveying context 
can be decisive. In situations of marginal registration with a standard 
transducer, such an improvement will elevate many echoes over the detection 
threshold, where they can be integrated or otherwise processed. 
A further advantage of increasing the present transducer size and 
using it in two modes, one with a core of elements with relatively wide 
beam and the other with the full complement of elements with narrow beam, 
is realized in target strength studies. A narrower beam will facilitate 
resolution of single fish, but it will also allow capture and registration 
of weaker single-fish echoes, allowing better measurement of the 
distribution of target strengths that characterize fish and their 
behavi'our (Clay and Heist 1984, Foote and Traynor 1988) . 
A final demonstration of the computations is the damaging effect of 
amplitude-weighting on transducer performance. This is seen by comparing 
the performance measures· of design numbers (13). and (14) with those for the 
fully weighted 10x1o array, design number (4). While the several arrays 
consume essentially the same space when mounted, the performance measures 
of the full arra y are about 2 .l dB. higher in SL, O. 7 dB higher in DI, and 
1.0 dB better in ~' or nearly 3 dB better with respect to SL and DI. The 
amplitude-weighting or shading does reduce the sidelobes, but this gain may 
be offset by the insidious effect of thresholding. 
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